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Abstract 
In this work, an activator system used for no-
rosin lead-free solder paste was prepared by 
compounding with 5-Sulposalicylic acid dehydrate 
and an organic which restrains the over-quick 
release of the activator. The composition of the 
active system was studied by thermal gravimetric 
analysis. Additional, characterizations of the solder 
paste with various formula such as viscosity, 
wettability and shelf life have been evaluated. The 
solder paste performs the best wettability, the 
lowest residue, and improved shelf life when the 
weight percentage of 5-Sulposalicylic acid 
dehydrate to activity control agent is 20 to 47 in the 
activity system,. 
1.Introduction 
With the unprecedented development in the 
electronics industry field, the solder paste which is 
being widely used in surface mounted field has 
attracted more and more attention over the world. 
Solder paste is a kind of mixture obtained by 
mechanically mixing solder alloy and flux, in 
which usually solder alloy has a mass fraction of 
about 90%. In recent years, with the increasing 
concern about the environmental issues around the 
world, more and more organizations and 
institutions call for a lead-free and low toxicity 
welding process in the electronics industry. The 
Organization of electrical and electronic equipment 
(WEEE), led by the European Union, had required 
stopping using leaded materials in all the 
electronics assemble fields before 2006. As a result, 
the lead-free solder, as the substitute of tin-lead 
solder, becomes more and more important and is 
being researched all around the world [1,3]. 
Currently, among different kinds of lead-free solder 
that has commercial promising prospects, Sn-Ag-
Cu solder, which has low melting point, proper 
physical and mechanical properties, is widely 
recognized as the most likely ideal lead-free solder 
to replace the Sn-Pb alloy [4].  
Besides the solder, main components of the 
flux inside the solder paste usually are the rosin, 
active agents, thixotropic agents and solvents, etc. 
Since there are chemical reactions between the flux 
and the surface of solder alloy, the kinds of flux 
should be carefully considered for different alloy 
compositions in order to achieve the best welding 
effect [6]. Up to now, most of the flux in domestic 
market using for the Sn-Ag-Cu lead-free solder 
contain rosin and their derivatives, because the 
main ingredients of rosin is rosin acid, it has great 
thermal stability which can make welding easier 
and help forming protective film in the welding 
process. Furthermore, after welding, rosin cools 
into a solid state with high electrical insulation and 
corrosion resistance, while the rosin itself has great 
viscosity, so it can not only help to adjust the sticky 
of solder paste, but also play a significant role in 
the solder paste performance as the main carrier of 
solder powder[7-8]. Although the rosin-type flux 
has the forgoing good points, it has some 
disadvantages at the same time: the rosin-type flux 
can easily precipitate a lot of crystal substance[9]; 
since it is hard for the rosin to volatile under the 
welding temperature, there still remains too much 
residual rosin after welding process, which can 
affect the electric test of welding points and touch 
pads obviously; as the rosin contains carcinogenic 
substances, heavy use of rosin will cause harm to 
human health. 
Because of these existing disadvantages, based 
on the original formula of lead-free solder paste, 
this paper firstly investigates the no-rosin lead-free 
activity system, and then develops a new kind of 
no-rosin lead-free solder paste used for Sn-Ag-Cu 
alloy specially. The performance of no-rosin lead-
free solder paste is also tested in this paper, based 
on the methods proposed by J-STD-005A "solder 
paste requirements "and the IPC-TM-650.
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Tab.1  The formula of flux used for solder paste 
2.Experimental
2.1 Experimental equipment and Materials 
Experimental equipment: reflow soldering 
oven with triple-temperature-zone, precise 
electronic balance, drying oven, electric heating 
plate, thermal gravimetric instrument and Malcom 
viscometer. 
Materials: Organic alcohol solvents, organic 
acids and organic amines, active slow release 
agents, imidazole antioxidants, and castor oil 
derivatives. All of these materials are chemically 
pure, and the alloy power employed in this paper is 
Sn0.3Ag0.7Cu (No. 3, produced by IPS Co. Ltd). 
The copper plated plate for SMT use is employed 
as the PCB board in this paper. 
2.2 Experimental Methods 
The formula of the flux, as shown in Table 1 
indicates that there are different kinds of 
components forming the flux, in which the 
activator is the composition prepared through the 
chemical reaction between the organic acids and 
organic amine mixed with a certain percentage. 
The activity control agent employed in this paper 
is the compound which has high viscosity with 
boiling temperature in the range of alloy melting 
point. Since this kind of compound will volatile 
completely after going through the reflow 
soldering oven, there is no residual left. Other 
components are prepared by the following methods 
respectively: solvents are made up of alcohol and 
ether compounds; anti-oxidants are made up of 
benzimidazole and its diffraction; OP-10 is used as 
the surfactant and the Castor Oil Derivatives are 
employed as thixotropic agents. 
2.2.1 Preparation and Test of Activator 
2.2.1.1 Preparation of Activator 
The activator is prepared through the 
following procedures: first, using the balance, 
putting an appropriate amount of organic acid in 
the beaker; then adding a small amount of solvent, 
mixing them to dissolve some of the organic acid; 
at last adding the organic amine, then waiting for 
them to react completely. 
2.2.1.2 Thermal gravimetric measurement of active 
compositions 
Taking approximately 20~30 mg prepared 
activator (liquid) into the sample pot, then putting 
the sample on the thermal gravimetric instrument 
to analyze it. 
2.2.2 Performance Test of the Solder Paste 
2.2.2.1 Wettability Test of the Solder Paste 
Firstly, Mixing the flux and Tin power 
uniformly with a certain percentage, then printing 
the uniform solder paste on the PCB board. After 
going through the reflow welding oven, the 
wettability can be determined by observing the 
shape of large welding points on large pads. 
2.2.2.2 Viscosity Test of the Solder Paste 
Firstly, preparing at least 400 g solder paste 
according to the formula presented in Table 1, then 
mixing the solder paste to a uniform state, and then 
putting the uniform solder paste in Malcom 
viscometer to get the viscosity. 
2.2.2.3 Durability Test of the Solder Paste 
Putting the prepared solder paste into the 
oven with fixed temperature of 35 oC, then test its 
performance in the next half month, one month, 
one and a half month. 
3.Results and discussions 








oxidants Surfactant Thixotropic 
agents
Percentage 20~30% 35~50% 15~25% 2~4% 0.5~1% 3~5% 
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 Fig.1 The appearances of soldering spot using different activators 
As one of the most important component of 
flux using for solder paste, the activator plays a 
significant role in cleaning the surface of metal and 
increasing the wettability, while at the same time it 
has no corrosion effects to metals and remains 
little after the welding process. Since ordinary 
rosin-type solder paste has a lot of rosin acids, 
which can also help to clean the surface of metals 
and increase the wettability, there is no need of 
activator in this kind of solder paste. Meanwhile, 
the binary acid itself, as a kind of activator can 
meet the activity requirement. But for no-rosin-
type solder paste, the situation is different. The 
traditional activator cannot meet all the activity 
needs for no-rosin solder paste because of the lack 
of rosin; therefore, this paper proposes an 
innovative formula of the activator based on lots of 
experiments. The formula is 3 kinds of organic 
acids (adipic acid, benzene sulfonic acid and 2-
hydroxybenzoic-5-sulfonic acid) compounded with 
Amine respectively with a mass ratio of 1:3. The 
optimized activator is determined by comparing 
the thermal gravimetric measurement, residual 
rates and wettabilities of these three kinds of 
organic activators. 
The large pads, as shown in column A, B and 
C in Fig.1, are formed by using three different 
kinds of activators(A: adipate&787, B: 603&787 
and C: 2-hydroxybenzoic-5-sulfonic acid &787). 
By comparing the images of soldering points 
in Fig.1, the following conclusions can be drawn: 
(1) the soldering spot formed by using activator A 
is plump, but there are much residual as well as 
much yellow organic substance on the surface of 
the soldering spot, which results in the dim 
appearance; (2) the activity of B is too low to make 
the formed soldering spot wet large pads, so the 
bare copper appears; (3) the soldering spot formed 
by using C is plump while at the same time its 
surface is smooth and glossy. If considering only 
the wettability, C is the optimized activator with 
the best wetting effects. 
The thermal gravimetric results of A, B and C 
are illustrated in Figure 2. It can be concluded 
from Figure 2 that B has the highest loss weight 
ration, while A has the lowest loss weight ration. 
This well explains why the soldering spot formed 
by A has much residual. Now considering both the 
wettability and loss weight ration, C is the most 
suitable activator in this paper. 




















Fig.2 The loss weight ration of different kinds of             
activator 
3.2 The influence of activator quality to the 
performance of solder paste  
As is concluded from previous experimental 
results, the activator is a key contributor to the 
wettability of solder paste. Meanwhile, all the 
activators are organic salts, which means that more 
or less there is residual on the pad after the 
welding process. After selecting a particular 
activator, through adjusting the activator quality,  
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Fig.3 The appearances of the soldering spots using (a) 5% activator A3 (b) 10% 
activator A3 (c) 15% activator A3 (d) 20% activator A3 and (e) 25% activator A3 
the optimized activator which has good wettability 
and less residual can be obtained. Fig.3 shows the 
appearances of soldering spot formed by C 
activator mixed with Sn-Ag-Cu alloy with 
different ratios. 
Compared the images in Fig.3, we can draw 
the following conclusions: (1) with the quality of C 
increase, the wettability of solder paste increases 
greatly; (2) when the quality ratio of C increases to 
20%, the surfaces of soldering spots look plump 
and glossy; (3) there is no obvious change on the 
surfaces of soldering spots if the quality ratio of C 
increases to 25%. Based on the analysis, it can be 
concluded that the best soldering effects can be 
achieved when the quality ratio of activator C is 
20% in this paper. 
3.3 Selection of the activity control agent 
3.3.1 The influence of activity control agent to 
the shelf life of solder paste 
It is obvious that rosin has an important 
impact to the performance of solder paste. As the 
main carrier of the solder power, rosin can makes 
the solder paste viscous, so that the solder paste 
will naturally cover the surface which is already 
cleaned by activators, as a kind of protection to the 
PCB board in the jointing process. For no-rosin 
lead-free solder paste, it is significant to choose the 
proper substitute for rosin, which should be well 
volatilized under high temperature to get less 
residual. Based on previously repeating 
experiments, two kinds of viscosity controllers (a 
and b) are employed in this paper, and the 
corresponding loss weight ration test results are 
shown in Figure 4. Figure 5 presents the 
appearance of the prepared solder paste which was 
placed in the oven (35 ) for 15 days. The shelf 
life test shows that solder paste b can effectively 
slow down the release of activator, so in this way, 
the shelf life of solder paste can be increased 
greatly.  
Figure 4 suggests that the loss weight ration is 
high for both kinds of activity control agents. 
Particularly, the loss weight ration is close to 90% 
for b when used with Sn-Ag-Cu alloy in the 
welding process with a temperature of 270oC, 
which means little residual left after the reflow 
welding process. From Figure 5 we can find that 
after 15 days heat, the solder paste prepared by 
activity control agent a becomes coarsening, which 
means the paste is in a failure state. However, the 
solder paste prepared by activity control agent b 
(with the same amount of a) still looks smooth and 
glossy. Therefore the activity control agent b can 
effectively increase the shelf life of  no-rosin  
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Fig.4 The loss weight ration of activity control agent 
lead-free solder paste, even in the situation where 
the activator concentration is up to 20%, as proved 
by our experiments. 
3.3.2 The influence of the activity control agent 
ratio to the viscosity of solder paste 
As we all known, the viscosity of solder paste 
is one of the key features which determine the 
whole welding performance. Meanwhile, the 
viscosity of solder paste is associated with the 
powder concentration, powder size and the 
viscosity of flux. By adding different amounts of 
activity control agent b into the solder paste 
(composition: the No. 3 metal powder Sn-0.3Ag-
0.7Cu and flux, with a mass ratio of 89:11), we get 
different viscosity values of the solder paste by 
using the MALCOM 250 viscometer, as shown in 
Table4.
Fig.5 The influence of the activity control agent to shelf life 
From Table 4, it is obvious to find out that the 
viscosity of solder paste increases with the mass 
concentration of b increase. Hence the viscosity of 
solder paste can be adjusted by changing the mass 
concentration of b to meet various requirements in 
different SMT application fields. 
3.4 The final composition of the activity system 
and its comprehensive performance 
The finally optimized activity system in this 
paper has the following compositions: activator C 
with mass fraction of 20% and of the activity 
control agent b with mass fraction of 47%. 
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The overall performance of the optimized solder 
paste has been tested and the results are shown in 
Figure 6, where (a) represents the appearance of 
large pads after welding process; (b) represents the 
appearance of BGA soldering spot; (c) represents  
the appearance of small pads after welding 
process; (d) represents the appearance of ceramic 
after welding process; and (e) is the thermal-
collapsing image.
Tab.4  The viscosity of different quality fraction of activity control agent 
Figure 6 indicates that the optimized solder 
paste has great comprehensive performance. For 
instance, all the tiny BGA soldering points can be 
melted while there is no tin ball or collapse after 
the welding process.
Fig.6 Pictures of the soldering spots of the no-rosin lead-free solder paste, and (a) is big bonding pat 
soldering spots picture, (b) is BGA soldering spots picture, (c) is small bonding pat soldering spots picture, 
(d) is ceramic plate soldering spots picture, (e) is thermal collapse picture 
 4.Conclusions 
name b 
percent 30% 40% 45% 47% 50% 
viscosity
Pa-s
82 105 116 122 135 
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In the present work, the activator salt of 2-
hydroxybenzoic-5-sulfonic acid amine which can 
meet the demand of activity in no-rosin, lead-free 
solder paste, has a high activity. Both the best 
soldering effects and the lowest residue can be 
achieved when the quality ratio of activator is 
20%. Activity control agent b can volatilized 
totally under the welding temperature, which can 
greatly reduce the residue compared to rosin-type 
solder paste.
As the releasing speed of activity of 2-
hydroxybenzoic-5-sulfonic acid can be controlled 
effectively by adjusting the mass concentration of 
material b, the prepared solder paste which activity 
system contained those two materials can have a 
long shelf life. At the same time, the adaptive 
viscosity of solder paste can be obtained to meet 
the requirement of different mount technology by 
regulating the content of material b. The solder 
paste performs the best wettability, lowest residue, 
and increased shelf life when the weight 
percentage of 5-Sulposalicylic acid dehydrate to 
activity control agent is 20 to 47 in the activity 
system. 
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